Four lupane-type triterpenoids (1-4) and seven alkaloids (5-11) were isolated from the roots of Peganum nigellastrum. On the basis of spectroscopic and chemical evidence, the structures of the compounds were elucidated as 3α-hydroxy-27-transcaffeoyloxylup-20(29)-en-28-oic acid methyl ester (1), 3β-hydroxy-27-trans-caffeoyloxylup-20(29)-en-28-oic acid methyl ester (2), 3α-acetoxy-27-trans-caffeoyloxylup-20(29)-en-28-oic acid methyl ester (3), 3β-acetoxy-27-trans-caffeoyloxylup-20(29)-en-28-oic acid methyl ester (4), luotonin C (5), luotonin D (6), harmine (7), harmol (8), harmaline (9), deoxyvasicinone (10) and vasicinone (11). Compounds 1, 3 and 4 are novel triterpenoids, and these pentacyclic triterpenoids were evaluated for their cytotoxicity against the androgen-sensitive LNCaP and androgen-independent PC-3 human prostate cancer cells.
The genus Peganum (Zygophyllaceae) is comprised of six species, which are widely distributed in North America, the Mediterranean region, Russia, Mongolia and China [1] . P. harmala, P. nigellastrum and P. multisectum have been studied for their anti-cancer and other biological activities [2] [3] [4] [5] [6] . Of these species, P. nigellastrum Bunge has been used in Chinese traditional medicine for the treatment of rheumatism, abscesses, and inflammatory diseases [7] . Pharmacological study of this plant revealed that the crude extract showed potent anti-tumor activity in mice, involving an increase of cAMP, indicated through the immune system, and inhibition of DNA and protein synthesis in hepatoma cells [8] . From the aerial parts of the plant, we have previously reported a unique pyrroloquinazolinoquinoline alkaloid, luotonin A [9] , which showed cytotoxic activity against mouse leukemia P-388 cells and inhibitory activity against human topoisomerase II [10] . Furthermore, it has been demonstrated that luotonin A stabilized the human DNA topoisomerase I-DNA covalent binary complex, affording the same manner of cleavage as the structurally related topoisomerase I inhibitor, camptothecin [11] . In addition, we reported that 3α, 27-dihydroxylup-20(29)-en-28-oic acid methyl ester, a betulinic acid derivative, isolated from the roots of P. nigellastrum exhibited significant topoisomerase II inhibitory activity [12] . During further fractionation of the same plant extract, four lupane-type triterpenoids (1-4), all having a caffeoyl ester linkage, and seven alkaloids (5-11) ( Figure 1) were isolated from the underground parts. We describe herein the structural elucidation of 1-11 by way of NMR spectroscopic and chemical studies.
The ethanol extract of the roots of P. nigellastrum was divided into n-hexane, benzene, chloroform, acetone and methanol soluble portions. Following the phytochemical investigation of the n-hexane fraction [12] , the benzene fraction was further purified by repeated silica gel column chromatography, preparative TLC and ODS HPLC to give compounds 1-11. 1 H NMR spectral data suggested the presence of a 3, 4-dihydroxycinnamoyl moiety in 1. This was supported by observation of a significant fragment ion at m/z 163 in its EI-MS [13] and further by comparison of a series of 13 C signals (Table1) with those of caffeic acid [14] . Also, in the 1 H NMR spectrum, the appearance of proton signals due to 5 tertiary methyl groups (δ 0.83, 0.87, 0.92, 0.98 and 1.70), a carbinyl group (δ 3.44, br s), a methoxyl group (δ 3.69), an isolated methylene group [δ 4.32 and 4.88 (each d, J = 12.7 Hz)], and an exo-methylene group (δ 4.62 and 4.75, br s) allowed the deduction that 1 was an analogue of 3α, 27-dihydroxylup-20(29)-en-28-oic acid methyl ester [12] .
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This supposition was substantiated by hydrolysis of 1 and, therefore, 1 is a derivative of 3α, 27-dihydroxylup-20(29)-en-28-oic acid methyl ester with a caffeoyl group. Since the proton signals for H-27 appeared at lower field in the 1 H NMR spectrum as compared with those of 3α, 27-dihydroxylup-20(29)-en-28-oic acid methyl ester [12] , the caffeoyl group seemed to be placed to an ester linkage at C-27. This was further supported by 13 C-1 H long-range correlations in the HMBC spectrum. Assignments of the 13 C signals of 1 were made from extensive 2D NMR spectroscopic results (Table 1 ). In the HMBC spectrum, significant correlations of H-27 (δ 4.32 and 4.88, each d, J = 12.7 Hz) with carbon signals at C-8 (δ 41.8), C-13 (δ 39.1), C-14 (δ 45.7), C-15 (δ 24.3) and C-9' (δ 168.0, ester carbonyl carbon of caffeoyl moiety) were observed.
The structure of 1 was thus established as 3α-hydroxy-27-trans-caffeoyloxylup-20(29)-en-28-oic acid methyl ester.
Compound 2 was obtained as an amorphous powder, and showed dark green coloration with 5% FeCl 3 reagent on a TLC plate. The HR MALDI-TOF MS of 2 gave the same molecular formula as 1, C 40 H 56 O 7 . The UV, 1 H and 13 C NMR spectra were closely similar to those of 1, indicating that 2 is a derivative of 1. The difference between 1 and 2 was observed in the 1 H and 13 C NMR spectra, in which the 1 H and 13 C chemical shifts of ring A of 2 were different from those of 1 (Table 1) . Especially, the coupling pattern of H-3 (δ 3.22, dd, J = 5.5 and 11.2 Hz) in 2 is indicative of it having an axial orientation and the hydroxyl group at C-3 must have a β-configuration. Furthermore, alkaline hydrolysis of 2 afforded 3β, 27-dihydroxylup-20(29)-en-28-oic acid methyl ester [15] . Thus, the structure of 2 was elucidated as the 3-epimer of 1, 3β-hydroxy-27-trans-caffeoyloxylup-20(29)-en-28-oic acid methyl ester. Compound 2 was recently isolated from Durio zibethinus and named as methyl 27-O-trans-caffeoylcylicodiscate [16] .
Both compounds 3 and 4 gave a dark green coloration with 5% FeCl 3 reagent on a TLC plate, and showed the same molecular formula, C 42 H 58 O 8 , in their HR MALDI-TOF MS. The UV and IR spectra 13 C NMR spectroscopic data of 3 and 4 were also very similar to those of 1 and 2, respectively, except for additional signals arising from an acetyl group. Alkaline hydrolyses of 3 and 4 afforded 3α, 27-dihydroxylup-20(29)-en-28-oic acid methyl ester [12] and 3β, 27-dihydroxylup-20(29)-en-28-oic acid methyl ester [15] , respectively. With the aid of the HMBC spectra, the locations of the acetyl and caffeoyl groups were determined to be at C-3 and C-27, respectively. Consequently, the structures of 3 and 4 were elucidated as 3α-acetoxy-27-transcaffeoyloxylup-20(29)-en-28-oic acid methyl ester and 3β-acetoxy-27-trans-caffeoyloxylup-20(29)-en-28-oic acid methyl ester, respectively.
The alkaloids luotonin C (5), luotonin D (6), harmine (7) [17] , harmol (8) , harmaline (9) [2] , deoxyvasicinone (10), and vasicinone (11) [9] were identified either from either spectroscopic data or by comparison with authentic samples. Betulinic acid has been demonstrated as a potent anticancer agent [18] [19] [20] . In order to evaluate the anti-tumor activity of the isolated betulinic acid derivatives 1-4, the assays for cytotoxic activity against human androgen-sensitive LNCaP and androgen-independent PC-3 prostate cancer cells were carried out. All four compounds were initially screened at a concentration of 50 μM, but none showed cytotoxic activity to either cancer cell line.
On the other hand, we previously isolated six lupanetype triterpenoids (12-17) (Table 2 ) from the roots of P. nigellastrum, and 3α, 27-dihydroxylup-20(29)-en-28-oic acid methyl ester (16) exhibited significant topoisomerase II inhibitory activity [12] . The cytotoxic effects against mouse leukemia P-388 cells for compounds 12-17 were tested and the results are summarized in Table 2 . The IC 50 values of compounds 12, 14, 15, 16 and 17 were much lower than that of betulinic acid (13), and they showed cytotoxicity similar to that of the positive control, luotonin A [10, 11] . The results suggest that 12, 14, 15, 16 and 17 are more cytotoxic to mouse leukemia P-388 cells than 13.
Experimental
General procedures: Optical rotations were measured using a JASCO DIP-370 digital polarimeter. UV spectra were recorded on a Shimadzu 265 UV photometer. IR spectra were recorded on a JASCO FTIR 300 spectrophotometer. NMR spectra were acquired on a JEOL JNM EX-400 FTNMR spectrometer with TMS as internal standard. EI-MS spectra were obtained on a JEOL JMS-AM II 50 spectrometer. Diaion HP 20 (Mitsubishi Chemical Coporation, Tokyo, Japan) and Wakogel C-200 (silica gel, Wako Pure Chemical Co., Ltd., Osaka, Japan) were used for column chromatography. HPLC was carried on a SSC Flow System E-3100 (Senshu Scientific Co., Ltd, Tokyo, Japan) equipped with a SSC-3000B UV detector. A Capcell Pak ODS column (10 x 250 mm) was used for HPLC at a flow rate of 2 mL/min.
Plant material:
The roots of P. nigellastrum Bunge were collected in the suburb of Yenchuan City, Ningxia, China, in August 1997, and identified by Prof. Shirui Xing (Ningxia Institute for Drug Control, Ningxia, China). A voucher specimen (NX 970820-2) has been deposited in Shenyang Pharmaceutical University, Liaoning, China.
Extraction and isolation:
The air-dried roots of P. nigellastrum (4.8 kg) were finely cut and extracted three times with 95% ethanol (10 L) under reflux for 2 h in a water bath. The ethanol solution was evaporated in vacuo to give a residue (400 g) that was fractioned over Diaion HP-20 by successive elution with n-hexane, benzene, chloroform, acetone and methanol. Rechromatography of the 60% EtOH soluble portion of the benzene fraction over a silica gel column, led to the isolation of 5 (4 mg) and 6 (0.5 mg) from the combined fractions eluted with n-hexane-EtOAc 
